The present study describes MHD micropolar fluid over a curved stretching surface with Cattaneo-Christov theory of heat diffusion. The new heat model with the relaxation time is employed in this paper, instead of classical theory of heat flux presented by Fourier. The curvilinear coordinates are used to model the governing equations. The nonlinear PDE's are changed into ODE's by using suitable transformation. The nonlinear ODE's are solved with the help of OHAM by using BVPh2. The variation of several parameters is indicated and examined graphically. We have observed that the pressure and velocity rises by increasing the radius of curvature. The thermal relaxation time and Prandtl number reduces the temperature profile.
Introduction
Heat transfer is the movement of thermal energy from one object to another object of different temperature. It is an important area of research because of its different applications in various fields. These include heat pumps, energy production and cooling of electronic devices etc. The famous law of heat conduction was firstly suggested by Fourier [1] . The drawback of Fourier model is that it describes the parabolic energy equation, which gives the initial disturbance of the medium. For overcome of this problem a thermal relaxation time was introduced in Fourier law by Cattaneo [2] . It involves hyperbolic equation and gives finite speed of thermal signals. Different materials have different relaxation time for this Christov [3] introduced the time derivative model called Oldroyd upper convected derivative. This heat flux model is called Cattaneo-Christov model. The uniqueness and structural stability of the Cattaneo-Christov has been examined by Ciarletta and Straughan [4] . Ostoja -Starzewski [5] described Maxwell Cattaneo equation by using material time derivative. Numerical study of Maxwell MHD flow of Cattaneo-Christov model has been examined by Shahid et al. [6] . Alamri [7] discussed the Cattaneo-Christov model in a stretching cylinder. Non-Newtonian fluids are those fluids whose properties are different from Newtonian fluid. Many materials show the non-Newtonian behavior i.e., blood, apple sauce, toothpaste and paint etc. Non-Newtonian fluids are complex in nature due to their rheological properties are involved in constitutive equation. These types of fluids are not described by single expression due to its various characteristics. Micropolar fluids are fluids with micro structure. Eringen [8] gave the concept of micropolar fluid and explained the behavior of certain fluids. Physically a micropolar fluid is one which contains suspensions of rigid particles. In previous many years, the study of micropolar fluid has great significance because of its numerous applications in industries like colloids and polymeric suspension, animal's blood etc. The micro structural effect in the fluid was observed by Jeffrey [9] . He showed that present of these particles increases the fluid velocity. Ericken [10] introduced the field equations for micropolar fluid.
Flow caused by stretching surface has application in extrusion process. Crane [11] found the exact solution of the stretching surface. The process of stretching occurs in the manufacturing processes of both polymer and metal sheets and paper production. The finial production quality depends on the rate of heat transfer at the stretching surface. After that number of numerical and analytical studies base on stretching flow has been reported in [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] .
The theme of this research is to explore the effect of magnetic field on micropolar fluid due to curved stretching surface. The Cattaneo-Christov heat model is used to formulate the problem. The resulting non-linear equations are solved by OHAM. The obtained series solutions are plotted graphically and discussed physically.
Mathematical Formulation
The steady boundary layer flow of a micropolar fluid along a curved linearly stretching surface looped in a circle of radius is considered. The origin is fixed 3 by applying two opposite and equal forces along the direction and is perpendicular to it. The magnetic field of strength 0 is imposed in the r direction. The temperature of surface is , where > ∞ with ∞ is ambient temperature of fluid. Under the above conditions, the governing equations are given as [21]  
According to literature definition of spin gradient viscosity
The boundary conditions for the problem is
mm  is a constant.
Using the following similarity variables 
is the Prandtl number, is the radius of curvature, is the material parameter, and is the magnetic parameter.
Eliminating the pressure from Eqs. (9) and (10), we get
Pressure can be obtained from Eq. (10)
Boundary conditions are
The skin friction and couple stress coefficient are the physical quantities of interest, which are expressed as 2 ,. 
3. Optimal Homotopic solutions 6 We solve the above ODE's by using the optimal homotopy method. For this the initial guesses, linear operator and auxiliary functions for the velocity, micro rotation and heat equation are as given below 
The properties are Above problem in zero and nth order is:
3.1Convergence Analysis of Solution
For the convergence of solution, we compute the square residual error for velocity, micro rotation and heat profile at different order of approximation as shown in Table 1 . 7 In this portion, we compute the graphical impact of involved parameters, microrotation, velocity and temperature profile. Fig.1 shows the impact of on velocity profile, we can see that velocity profile decreases when we raise the value of . The magnetic force is a resistive quantity which works against the flow in response to decrease in velocity. In Fig. 2 , we analyzed the effect of material parameter on velocity as the value of increases the velocity also increased. The influence of curvature on velocity profile is given in Fig. 3 , velocity increases with increase in the value of . Fig. 4 is plotted for impact of magnetic parameter on microrotation profile as we can see the micro-rotation profile decline by rising the value of . Fig. 5 elucidates the behavior of micro-rotation profile with curvature parameter. From this figure, it is clear that the micro-rotation profile increased as value of increases. Fig. 6 explains the effect of on microrotation profile. It is observed that micro-rotation profile has increased as the value of increases. It is noticed from Fig.7 that the temperature profile shows decreasing behavior when we increase the . Actually, the Prandtl number is the ratio between the thermal diffusivity and momentum diffusivity. We can observe from Fig. 8 that the temperature profile decreases by increasing the value of . It means more time is required to transfer energy from one particle to another particle by enhancing the thermal relaxation time. Fig. 9 illustrates the impact of curvature parameter on temperature profile. We can see the temperature profile of fluid increases as increases. Fig. 10 represents the impact of M on pressure of fluid as M increases the pressure of fluid decreases near the surface. In Fig. 11 , we can see that pressure increases by increases the value of s. Fig. 12 shows the effect of W on pressure similar effect is observed as in Fig. 10 .
Results and Discussion
In Table 2 , we examined the validity and reliability of the present consequences with the pervious results in literature published by Qasim and Hayat (2010) by assuming the flat stretching surface by taking → ∞ i.e., = 1000. The pervious study got results by using HAM, while for the present numerical result we used OHAM via BVPh2 by considering the flat surface. Table 3 presents the value of couple stress coefficient for the distinct value of and by fixing the = 7. We have noticed that by enhancing the value of and the ms RC e showed the increasing behavior. The value of rate of heat transfer at the surface, we see that the heat transfer rate enhanced by enhancing the value of and (Table 4 ).
5.Conclusions
In this study, we consider the MHD flow of a micropolar fluid over a curved stretching surface. The Cattaneo-Christov model has been implemented to see the thermal effect. The following observation may be extracted from the graphical results.
1. The pressure distribution increases by increasing M , s and W near the boundary of the curved surface and it tends to zero away from the boundary. 
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